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Introduction
Freshwater fungi are an important group of organisms involved in nutrient cycling of woody and leaf litter (Hyde et al. 2016) . Tubeufiales is a large order comprising more than 20 genera of freshwater ascomycetes and presently incorporates the monotypic family Tubeufiaceae (Doilom et al. 2017) . The majority of tubeufiaceous taxa is widely distributed and occurs on woody substrates in terrestrial and freshwater habitats (Hyde and Goh 1998 , Ho et al. 2001 , Cai et al. 2002 and in peat swamps (Pinnoi et al. 2006 , Pinruan et al. 2007 ). Tubeufiaceae species generally have superficial, globose to subglobose, light to dark pigmented ascomata, often with aerial mycelium and/or setae, cylindrical, clavate asci, multi-septate hyaline ascospores and hyphomycetous, often helicosporous asexual morphs (Kodsueb et al. 2006 , Boonmee et al. 2011 , 2014 , Lu et al 2017a , 2017b , Luo et al 2017 . A modern classification of the order based on 918 molecular data was provided by Boonmee et al. (2014) and subsequent papers (Doilom et al. 2017 , Luo et al. 2017 , Lu et al 2017a .
We are studying freshwater fungi in water bodies along a north south longitudinal gradient in the Asian region. The aim of the present study is to determine the phylogenetic placement of several collections of tubeufiaceous taxa from Thailand. A new monotypic genus with four collections, a new species of Chlamydotubeufia and a new species of Helicosporium are introduced, based on molecular and morphological investigations, with detailed descriptions and illustrations.
Materials and methods

Sample collection, morphological studies and isolation
Decaying wood specimens were collected from various regions in Thailand. Morphological examinations were carried out following the methods in Boonmee et al. (2011 Boonmee et al. ( , 2014 . Single spore isolations were performed following the techniques in Chomnunti et al. (2014) . Germinated ascospores were transferred to malt extract agar (MEA) plates and incubated at 28 0 C in natural light. Culture morphologies were examined, photographed and measured after 2-4 weeks. The specimens and living cultures were deposited in the Herbarium of Mae Fah Luang University (Herb. MFLU) and Culture Collection of Mae Fah Luang University (MFLUCC), Chiang Rai, Thailand and Thailand Bioresource Research Center (TBRC), Pathum Thani, Thailand. Facesoffungi and Index Fungorum numbers were submitted (Jayasiri et al. 2015 , Index Fungorum 2017 . New species were justified based on recommendations outlined by Jeewon & Hyde (2016) .
DNA extraction and PCR amplification
Genomic DNA was extracted from fungal mycelium grown on MEA at 28 0 C for 60 days using Biospin Fungus Genomic DNA Extraction Kit (BioFlux®) following the manufacturer's protocol (Hangzhou, P.R. China). Three genes were amplified with primers, namely the internal transcribed spacer region of ribosomal DNA (ITS: ITS5/ITS4) (White et al. 1990 ), large subunit nuclear ribosomal DNA (LSU: LROR/LR5) (Vilgalys & Hester 1990) , and the translation elongation factor 1-alpha gene (TEF1α: EF1-983F/EF1-2218R) (Rehner & Buckley 2005) . The PCR products were purified and sequenced with the same primers. Amplifications was performed in 25 μl of PCR mixtures containing 9.5 μl ddH2O, 12.5 μl 2 × PCR Master Mix, 1 μl of DNA template, 1 μl of each primer (10 μM) (Lu et al. 2017a ). The quality of PCR products were checked on 1 % agarose gel electrophoresis strained with Ethidium bromide. The PCR products were sent for sequencing at Sangon Biotech, Shanghai, China. The nucleotide sequence data acquired were deposited in GenBank (Table 1) .
Phylogenetic analysis
Sequence data for related taxa (Table 1) were downloaded from GenBank following Luo et al. (2017) . Multiple sequence alignments were produced with MAFFT v. 6.864b (http://mafft.cbrc.jp/alignment/server/index.html, Katoh & Standley 2013) and further improved manually where necessary using BioEdit v. 7.0.5.2 (Hall 1999). Ambiguous regions were excluded from the analyses and gaps were treated as missing data. Phylogenetic analyses of individual gene and combined aligned data were generated under maximum likelihood (ML), maximum parsimony (MP) and Bayesian criteria. Parsimony analysis was carried with the heuristic search option in PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2002 ) with 1000 random taxa additions and tree bisection and reconnection (TBR) as the branch-swapping algorithm (Jeewon et al. 2002 (Jeewon et al. , 2003 . All characters were unordered and of equal weight and gaps were treated as missing data. Max trees were unlimited, branches of zero length were collapsed and all multiple, equally parsimonious trees were saved. Clade stability was assessed using a bootstrap analysis with 1000 replicates, each with 10 replicates of random. .Six simultaneous Markov chains were run for 5000000 generations and trees were sampled every 1000 generation. The distribution of log-likelihood scores was examined to determine stationary phase for each search and to decide if extra runs were required to achieve convergence, using the program Tracer 1.5 (Rambaut & Drummond 2007) . First 20 % of generated trees were discarded and the remaining 80 % of trees were used to calculate posterior probabilities of the majority rule consensus tree. Maximum likelihood trees were generated using the RAxML-HPC2 on XSEDE (8.2.8) (Stamatakis et al. 2008 , Stamatakis 2014 
Results and Discussion
Phylogenetic analysis
The combined LSU, ITS and TEF1α gene dataset comprised 60 sequences with relevant taxa in Tubeufiaceae including our new strains. After exclusion of ambiguous regions, the combined dataset included 2312 characters including gaps. RAxML analysis yielded a best scoring tree ( Fig. 1) with a final ML optimization likelihood value of -17327.386055. The matrix had 920 distinct alignment patterns, with 30.61 % of undetermined characters or gaps. Estimated base frequencies were as follows; A = 0.235035, C = 0.255864, G = 0.270076, T = 0.239024; substitution rates AC = 0.862840, AG = 3.454395, AT = 2.545071, CG = 0.753876, CT = 8.271214, GT = 1.000; proportion of invariable sites I = 0.576976; gamma distribution shape parameter α = 0.636858. The maximum parsimonious dataset consists of 593 parsimonyinformative and 162 parsimony-uninformative characters. The parsimony analysis of the data matrix resulted in five thousand equally parsimonious trees with a length of 3233 steps (CI = 0. 363, RI = 0. 616, RC = 0. 223, HI = 0. 637) in the first tree. Tree topology of the maximum parsimony, Bayesian analysis was almost compatible with the ML tree and the best scoring RAxML tree, is shown (Fig. 1) .
The Chlamydotubeufia Clade comprises five species and is a well-supported clade (98% ML, 81% MP, 1.00 BYPP) within Tubeufiaceae. It is a well-defined genus comprising both asexual and sexual morphs. The new taxon C. aquatica forms a well-separated (100% ML) lineage sister to C. khunkornensis Boonmee & K.D. Hyde.
The new genus Dictyospora is monotypic and typified by the new species Dictyospora thailandica . It forms a separate clade apart from all the other genera of Tubeufiaceae and basal to a clade comprising genera Helicoma and Neoacanthostigma.
The Helicosporium Clade comprises seven species including a new species Helicosporium flavum (MFLUCC 16-1230) . Helicosporium flavum clustered with H. luteosporum (MFLUCC 16-1233) with good support (90% MP, 1.00 BYPP), but is clearly a distinct taxon. 924 hyphomycetous, helicosporous. Conidiophores 28-69 × 4-4.5 μm ( x = 48 × 4.5 μm, n = 20), mononematous, erect, septate, short, hyaline to pale brown, smooth-walled. Conidiogenous cells 11-14 × 4-6 μm ( x = 14 × 5 μm, n = 10), monoblastic, holoblastic, integrated, terminal, cylindrical, each with single conidium. Conidia 62-89 μm diam. and conidial filament 4.5-9 μm wide ( x = 74 × 6.5 μm, n = 20), with 144-392 μm long, coiled 2½-3 times when tightly coiled, becoming loosely coiled in the water, rounded at apical end, up to 60-septate, slightly constricted at septa, hyaline, smooth-walled.
Taxonomy
Chlamydotubeufia aquatica
Culture characteristics − Conidia germinating on water agar (WA) within 24 h and germ tubes produced from conidia. Colonies growing on MEA, reaching 5 mm in 7 days at 28 °C, slightly convex, undulating to raised, dentate, with lobate edges, brown. Mycelium superficial and partially immersed, branched, septate, smooth, hyaline, pale brown to brown.
Material examined − THAILAND, Krabi, Plai Praya, Khao To, Ban Bang Thao Mae, on submerged decaying wood, 17 December 2015, S. Boonmee, BTM11 (MFLU 17-0501, holotype), isotype in BBH, ex-type culture, MFLUCC 16-1131, TBRC.
Notes − Chlamydotubeufia aquatica is morphologically similar to C. helicospora Boonmee, Y.Z. Lu & K.D. Hyde. However, C. aquatica differs from C. helicospora in having longer conidiophores (28-69 × 4-4.5 μm vs 15-25 × 4-6 μm) and shorter conidial filaments (144-392 μm vs 405-546 μm). Phylogenetic analysis placed C. aquatica in a node of species C. khunkornensis Boonmee & K.D. Hyde (100% ML), while C. helicospora is placed in a basal lineage of the genus (Fig. 1) . Chlamydotubeufia aquatica is therefore assigned as a new species in this genus based on morphology and phylogeny evidences.
Index Fungorum Number -IF 553178; Facesoffungi Number − FoF 03262 Etymology -Name referring to the feature of dictyosporous conidia. Saprobic on submerged decaying wood. Sexual morph: Ascomata superficial, seated on a subiculum, solitary, scattered, globose to subglobose, black, surrounded by brown to black setae. Peridium composed of several-layers of cells of textura angularis, with outer layer cells darkened and inner layer cells pale brown to hyaline. Hamathecium comprising numerous filiform, septate, hyaline pseudoparaphyses. Asci 8-spored, bitunicate, cylindrical, short-pedicellate, apically rounded. Ascospores fasciculate, broadly fusiform, elongate-cylindrical to subfusiform, slightly curved, tapering towards rounded ends, long multi-septate, hyaline, smooth-walled. Asexual morph: hyphomycetous, dictyochlamydosporous. Conidia broadly oval to ellipsoid, dictyoseptate, pale brown when immature, becoming dark to black when mature.
Type species − Dictyospora thailandica Brahamanage, Y.Z. Lu, Boonmee & K.D. Hyde Notes -Dictyospora appears to shares similar morphological characters with species of Tubeufiaceae. Dictyospora consists of a monotypic species Dictyospora thailandica and formed a well-separated clade from all other genera within the Tubeufiaceae. Morphologically, D. thailandica is characterized by superficial, globose to subglobose, setiferous ascomata, cylindrical asci and septate ascospores, while the asexual morph has similar characters with species in Chlamydotubeufia. However, a new genus Dictyospora is introduced based on multigene phylogenetic evidence (Fig. 1) . sub fusiform, elongate, slightly curved, tapering towards rounded ends, phragmoseptate, hyaline, guttulate, smooth-walled. Asexual morph: hyphomycetous, dictyosporous. Conidia 51-100 × 39-62 μm (= 72.5 × 51 μm, n = 20), blastic, broadly oval to ellipsoid, dictyoseptate, pale brown when immature, becoming dark to black when mature.
Dictyospora thailandica
Culture characteristics − Ascospores germinating on WA within 12 h. Colonies growing on malt extract agar (MEA), reaching 18 mm in 2 weeks at 28°C, effuse, dentate and lobate edges, darkly brown. Mycelium superficial and partly immersed, branched, septate, pale brown to brown, smooth-walled, due to the development of muriform chlamydospores. 
